ABSTRACT
INTRODUCTION
Involvement with a knowledge management system (KMS) generally leads to the desire to determine how successful it is. Practically, the measurement of KMS success (or effectiveness) can be valuable in a number of ways, including the justification of knowledge management (KM) investments (Turban & Aronson, 2001) . Academically, the conceptualization of information system (IS) effectiveness is one of the most important research domains in the IS discipline (ISWorld, 2004a) . A valid specific model of KMS success would have value for KM researchers in much the same way that a valid general model of IS success would have for the IS field.
The DeLone and McLean (D&M) model of IS success (1992, 2002, 2003) is currently the most widely accepted conceptualization of IS effectiveness among researchers (ISWorld, 2004b ). The D&M model comprises six theoretical dimensions: Information Quality, System Quality, Service Quality, Intention to Use/ Use, User Satisfaction, and Net Benefits (DeLone & McLean, 2003) . Each of these dimensions constitutes a well-trodden research path in its own right, as indicated by the separate pages devoted to each on the ISWorld Web site (ISWorld, 2004a) . Figure 1 illustrates the model.
The DeLone and McLean model is a general framework for understanding IS effectiveness and must be adapted to specific contexts. For example, DeLone and McLean (2003) provide an adaptation of the most recent iteration of their model to e-commerce. Jennex, Olfman, and their colleagues have adapted the D&M model to the KM context (Jennex, Olfman, Pituma, & Park, 1998; Jennex, Olfman, & Addo, 2003; Jennex & Olfman, 2002 . This adaptation-which can be labeled as the Jennex and Olfman (J&O) model-can claim both empirical and theoretical justification. The earliest version of the model (Jennex et al., 1998) was informed empirically by an ethnography concerning KMS use in an engineering setting and theoretically by the 1992 D&M model, along with thinking at that time about KM and organization memory (such as Stein & Zwass, 1995) . A revision of the model was informed empirically by a longitudinal study of engineering use of a KMS over a five-year period and theoretically by the 2002 revised D&M model, along with thinking at that time about KM (such as Alavi & Leidner, 2001) . The latest version of the J&O model reflects the reasoning given for the latest version of the D&M model (DeLone & McLean, 2003) , along with the maturation of thinking of researchers in the KM field. Figure 2 depicts the J&O model in its current incarnation (Jennex & Olfman, 2004) .
Although the J&O model was developed to reflect system success in a KM context, as is true for any theoretical model, its value as an explanation is open to empirical test. This research constitutes such a test; that is, it aims to assess how well the J&O model describes KMS success in the world. More specifically, the article reports the testing of a structural equation modeling (SEM) model conforming to the 
BACKGROUND Relationship Between the D&M Model and the J&O Model
The J&O model is an adaptation to the KM context of the well-accepted D&M model of IS success. The J&O model conceptualizes the basic dimensions of success in much the same ways that the D&M model does, but the ideas involved in the J&O model are more targeted to the KM setting than are the concepts constituting the D&M model. The J&O model consists of the same number of dimensions, with the same fundamental relationships among them, as the D&M model; the differences between the two models lie in the sub-dimensions proposed by Jennex, Olfman, and their colleagues to map the D&M dimensions to the KM setting. In the following paragraphs, the mapping is explained between each D&M dimension and its corresponding J&O dimension.
The D&M System Quality dimension is conceptualized in the J&O model as involving three sub-dimensions. The first of these sub-dimensions is Technological Resources, which involves "the capability of an organization to develop, operate, and maintain a KMS" (Jennex & Olfman, 2004) . This construct captures ideas about the networks, databases, and other hardware involved in the KMS, as well as the experience and expertise behind the KMS initiative and the usage competence of typical KMS users. The second System Quality sub-dimension is Form of KMS, which has to do with "the extent to which the knowledge and knowledge management processes are computerized and integrated" Jennex and Olfman (2004) (Jennex & Olfman, 2004) . This concept reflects the amount of knowledge that is accessible through the KMS interface, as well as the extent of automation and integration of the interface and the activities of knowledge creation, storage, retrieval, transfer, and application. The third System Quality sub-dimension is Level of KMS. This is defined as the ability of the KMS "to bring knowledge to bear upon current activities" (Jennex & Olfman, 2004) ; it is centered on the nature and implementation of the KMS's search and retrieval functions. These sub-dimensions jointly cover the aspects of a KMS that theory and empirical observation point to as most critical in understanding what system quality is in KM settings. The D&M dimension Information Quality is relabeled in the J&O model as Knowledge/Information Quality. A high value for this dimension occurs whenever "the right knowledge with sufficient context is captured and available for the right users at the right time" (Jennex & Olfman, 2004) . The dimension involves three subdimensions. The first of these, Knowledge Strategy/Process, captures three ideas: the processes used for identifying the knowledge that can be captured and reused (and the users who can capture and reuse it); the formality of the processes, including how much planning occurs; and the format and content of the knowledge to be captured. This sub-dimension has evolved to reflect ideas of personalization and codification (Hansen, Nohria, & Tierney, 1999) ; it recognizes that evolution occurs in how knowledge is captured and reused. The second sub-dimension involved in Knowledge/Information Quality is Richness. This notion "reflects the accuracy and timeliness of the stored knowledge as well as having sufficient knowledge context to make the knowledge useful" (Jennex & Olfman, 2004) . The third sub-dimension for this dimension, Linkages, is intended to "reflect the knowledge and topic maps and/ or listings of expertise available to the organization" (Jennex & Olfman, 2004) .
The D&M dimension Service Quality is defined in the J&O model as being those aspects of a KMS that ensure "the KMS has adequate support for users to use the KMS effectively" (Jennex & Olfman, 2004) . The dimension comprises three subdimensions. The first of these, Management Support, has to do with the allocation of adequate resources, encouragement and direction, and adequacy of control. The second Service Quality sub-dimension, User KM Service Quality, involves support from the user organization in how to use the KMS, how to capture knowledge as part of the work, and how to use the KMS in the normal course of business processes. The third of these sub-dimensions, IS KM Service Quality, centers on support from the IS organization in KMS tools, maintenance of the knowledge base, maps of databases, and reliability and availability of the KMS.
The D&M dimension Intention to Use/Use in the J&O model becomes Intent to Use/Perceived Benefit. This dimension "measures perceptions of the benefits of the KMS by the users" (Jennex & Olfman, 2004) . It reflects intention to use, in that it concerns prediction of future usage behavior; it does not reflect use, which Jennex, Olfman, and their colleagues view as a different matter-in the J&O model use is aligned with user satisfaction (see below). The reflection of intention to use in the J&O model is extended in theoretical terms by incorporating perceived benefit, a concept originally advanced by Triandis (1980) and adapted to the IS context by Thompson, Higgins, and Howell (1991) . This extension of the dimension al-lows it to reflect social and job-related characteristics of KMS user expectations that would not otherwise be captured (Jennex & Olfman, 2004) .
The D&M dimension User Satisfaction maps to Use/User Satisfaction in the J&O model. The J&O dimension combines use and user satisfaction because Jennex, Olfman, and their colleagues see the two concepts as complementary notions in the KM setting. In their view, when system use is optional, how much the system is used serves as a good indicator of success, and user satisfaction can be considered a complementary indicator. User satisfaction becomes a more useful indicator of success when system use is not optional. Beyond this, in situations where a KMS is only needed occasionally-in situations where the absolute amount of usage is unimportant-employing use as a measure would underestimate KMS success; satisfaction provides a better indicator in that case. The final D&M dimension, Net Benefits, corresponds to a J&O model dimension of the same name. The conceptualizations of this dimension are essentially the same in the two models.
Relationship Between the J&O Model and the SEM Model
The SEM model tested in this study corresponds to the J&O model in most respects. Figure 3 depicts the dimensions in the SEM model and the scales-corresponding to sub-dimensions-used in this study. Figure 4 depicts the structural aspects of the SEM model.
The J&O model and the SEM model differ in two important ways. The first involves the elimination of feedback paths in the SEM model to allow its estimation as a recursive model. The second involves the limitation of certain theoretical content in the SEM model's dimensions to map them to the data available in this study.
According to Kline (1998) , the statistical demands for SEM analysis are greatly simplified for recursive models-those in which all causal effects are unidirectional and all disturbances are mutually independent. "The likelihood of a problem in the analysis of a nonrecursive model is much greater than for a recursive model" (p. 107). Formulating the SEM model as a recursive one (with one-way causal effects among endogenous variables, but without disturbance correlations) guaranteed it would be identified (Kline, 1998) . To convert the J&O model to a recursive form, three feedback paths were dropped: 1) from Net Benefits to Intent to Use/Perceived Benefit, 2) from Net Benefits to Use/User Satisfaction, and 3) from Use/User Satisfaction to Intent to Use/ Perceived Benefit. The first two of these paths were viewed as being more appropriate for inclusion in a longitudinal study, which this study was not intended to be. The third path was viewed as less important theoretically than the path from Intent to Use/Perceived Benefit to Use/User Satisfaction. It was felt that perceptions of possible benefit influence system use more strongly than the other way around. As compromises to allow the testing of a recursive form of the SEM model, it was felt that these path deletions were reasonable.
The dimensions of the SEM model are limited in terms of how much of the conceptual content of the J&O model's dimensions they carry. The primary reason for this limitation is that the data used to test the SEM model were collected in an earlier study aimed at assessing individual learning in KMS situations (Liu, 2003) . The data from Liu's study reflect most of the theoretical content of the J&O model's dimensions, but not all of it.
2 Where some theoretical content was not reflected in the indicators Liu selected or created for her study, at least two reasons were active. First, Liu did not feel such content to be relevant in understanding individual learning. Second, Liu had reference to an earlier version of the J&O model (Jennex & Olfman, 2002) . Nonetheless, the indicators Liu used show enough correspondence to the theoretical content of the current (2004) J&O model to allow a SEM model reflecting it to be tested here. On the other hand, the SEM model only employs the J&O model's sub-dimensions as indicators of its dimensions. Keeping in mind that any indicator reflects only imperfectly the theoretical ideas it represents, it was decided that the SEM model that could be specified with the available indicators was acceptable as a representation of the J&O model. Figure 5 depicts the modified SEM model in its full form. Seddon Staples, Patnayakuni, and Bowtell (1999) assert that how one assesses information systems success should reflect the type of system and the system's stakeholders. They present a taxonomy of IS effectiveness measures, organized by six types of system and five types of stakeholder. For this study, a type of IT application (KMS) is considered, as it is used to benefit individual stakeholders (distinct KMS users). 4 These two focuses lead to a concentration on a benefit that any KMS might provide to any individual user. For purposes of this study, this benefit is individual learning, an outcome of KMS use that leads to "individual better-offness" (Seddon et al., 1999, p. 7) . Individual learning is unquestionably important as a KMS outcome. Argyris and Schön (1996) argue that "individuals are the only subjects of learning" (p. 188), asserting that organizations learn only through the experiences and actions of individuals. While outcomes of KMS use other than individual learning Liu (2003) gathered the data used to assess the SEM model tested in this study through a study of individual learning in a KM setting. Liu designed an online survey, using an early version of the J&O model (Jennex & Olfman, 2002) as a general guide. The survey included 54 items and was developed using, with some modification, the three-stage instrument development process proposed by Moore and Benbasat (1991) . First, an initial version of the survey instrument was developed based on theory grounded in operationalization of the constructs. Additionally, demographic items were included in the survey to capture information about gender, age, length of time with the organization and in current position, years using KMS, industry employed, job title and function, and the highest education attained. Published forms of items were used whenever possible, relying on work by Jennex and Olfman (2002) , Dewitz (1996) , Doll and Torkzadeh (1988) , Bahra (2001) , Gold, Malhotra, and Segars (2001) , Thompson et al. (1991) , King and Ko (2001) , and Davis (1989) , and constructing new items only when necessary. Second, based on solicited input from people with expertise in KMS and instrument development, the instrument was restructured and reworded to make it focused, brief, and clear (Alreck & Settle, 1995) . Third, the instrument underwent a pilot study utilizing 56 KMS users from different firms to pretest the revised questionnaire, resulting in the final revision of the instrument. This study uses data items from Liu's (2003) survey assembled into sub-dimension scales to serve as indicators for the SEM model depicted in Figure 3 . Appendix 1 details the items as they were worded in the survey and assembled into sub-dimension scales for this study. Respondents rated each item on a rating scale from 'strongly agree' (5) to 'strongly disagree' (1), although they had the option of rating any item as 'not applicable'. Analysis of items and sub-dimension scales was done with SPSS; estimation of the SEM model was done with Amos, a package for SEM analysis.
Connecting the SEM Model with Type of System and Stakeholder

METHOD
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Individuals were invited to participate who, through a business firm or other organization, used a KMS for acquisition, organization, storage, or dissemination of knowledge. This sampling procedure was purposive in nature: it was oriented towards obtaining as many survey responses as possible, rather than sampling from a particular sampling frame.
RESULTS
Three hundred sixty-nine (369) people provided responses to Liu's (2003) survey. Nine cases were dropped due to noncompletion of the survey or non-use of a KMS, leaving a total of 360 respondents. The majority of these (52.8%) were from engineering or manufacturing organizations, 61.9% were male, and 71.2% were between 30 and 49 years of age. This analysis dropped an additional six cases due to one or more missing scale values, leaving a sample size of 354.
Scale scores were calculated as the averages of relevant item scores to serve as measured variables in the SEM model. Table 2 provides descriptive statistics for the scale scores, as well as reliability coefficients for each scale and R 2 estimates for the regression of each scale score on the set of all the others (as a basis for judging multivariate multicollinearity). Tables 3a and 3b provide a correlation matrix for the scale scores. To avoid problems in SEM analysis, one must check the data for normality, outliers, and multicollinearity (Kline, 1998) . The distributions of scale scores are roughly symmetrical, and estimates of skewness and kurtosis are not too large. There are no outliers, with no scale score as much as three standard deviations from its mean. There are no extremely large bivariate correlations, and none of the R 2 values for regressions of scale scores on the sets of all other scale scores exceed 0.90, indicating no multivariate multicollinearity problems. The data, at least in these terms, seem to be adequate to conduct SEM analysis. Byrne (2001) describes the core parameters of the SEM model (those that must be estimated typically) as including the regression coefficients for measurements and structure, the variances for errors and disturbances, and the factor variances and covariances. Based on these rules for counting parameters, the proposed model requires that 36 parameters be estimated. With 12 observed variables, there are 78 available data points. This implies that the SEM model is over-identified, having 43 degrees of freedom above what would have been a just identified model.
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As indicated by Nidumolu and Knotts (1998) , sample size significantly influences statistical conclusion validity. Sample size requirements for SEM models are related to model complexity, but no definitive relationship exists between sample size and model complexity (Kline, 1998) . One standard dictates that the sample size must be 50 observations more than eight times the number of variables (Garson, 2004) ; by this rule, the minimum sample size for this study would be 194 respondents. Another standard says that there should be 15 cases for every indicator (Stevens, 1996 , reported by Garson, 2004 ; given this model has 12 indicators, the implication is that at least 180 respondents would be needed. Yet another standard advises that there should be 10 cases per parameter estimate (Kline, 1998) , which means a sample size of 360 would be required. Irrespective of the guideline followed, the achieved sample size, 354, can be considered adequate.
EVALUATING THE PROPOSED MODEL
Evaluation of a SEM model considers both the estimates of individual parameters and the overall fit of the model to the data (Byrne, 2001 ). According to Byrne, there are three aspects of individual parameters to consider:
1. all should be reasonable (no correlations larger than 1, no negative variances, and positive definite matrices of correlations and covariances); 2. estimates should be significant, having critical ratios greater than or equal to 1.96; and 3. standard errors should not be too large or too small (although no clear standards available for what too large or too small would be). Table 4 presents values for individual parameter estimates and related statistics. In these terms, the proposed model can be considered to produce fairly reasonable individual parameters. The greatest problem noted with individual parameters is the occurrence of some low values for critical ratios, particularly for two of the structural regression coefficients. The estimates for the paths from Service Quality to Perceived Benefits and from System Quality to Perceived Benefits have critical ratios of 0.601 and -0.875, respectively. This indicates that the values for these parameters cannot be distinguished with confidence from 0.
Three other regression parameter estimates have low critical ratios as well, but not so low as the ones just mentioned, and probably within the range of acceptability.
Besides individual parameters, the overall fit of the model must be examined. It is common in reports of SEM analysis to present a variety of statistics that reflect different aspects of overall model fit. Kline (1998) Kline (1998) cautions that researchers should bear in mind the limitations of fit indexes: 1) they are indicative of average fit; 2) they are not indicative of theoretical meaning; and 3) they are not indicative of a model's predictive power (p. 130). Table  5 presents overall model fit indexes for the proposed SEM model. For a model to have a fair level of fit to data, according to Kline (1998) , "low and non-significant values of the X 2 index are desired" (p. 128). Because the X 2 index is sensitive to sample size, researchers sometimes employ X 2 /df. A significant X 2 value means: "an unconstrained model fits the covariance/correlation matrix as well as the given model" (Garson, 2004) ; a non-significant value suggests the fit of the data to the model is adequate. The X 2 statistic calculated for the proposed model is significant (CMIN=253.3, df=42, p=.000), which suggests that the fit of the model is not entirely adequate. On the other hand, according to Garson (2004) The GFI (Goodness of Fit Index) reflects the degree to which the observed covariances are explained by the covariances implied by the proposed model. The standard for GFI values to indicate a good fit is values greater than or equal to .90 (Garson, 2004) . The GFI value achieved for the proposed model is .894. Although this is below the conventional cutoff value, GFI values are biased downward at times, such as when the number of degrees of freedom is large relative to the sample size and when the number of parameters is not large. Garson reports Steiger's suggestion to use an adjusted GFI to account for GFI's downward bias. The adjusted GFI for this study, calculated with the formula Garson provides, is .980.
The CFI (Comparative Fit Index) contrasts the fit of the proposed model with that of a model that assumes no correlation among the latent variables (Garson, 2004) . Values above .90 indicate a good fit of the model to the data. The value of CFI for this study is .913.
The IFI (Incremental Fit Index) "should be equal to or greater than .90 to accept the model" (Garson, 2004) . The IFI value obtained in this research is .914.
The NNFI (Non-Normed Fit Index) is also known as the TLI (Tucker-Lewis Index). It expresses, in a manner adjusted for model complexity, how much the proposed model improves fit, compared with a null model-one having random variables. Garson (2004) reports several guidelines for judging goodness of fit using the NNFI, with the most lenient being values greater than or equal to .80, and the most strict being values greater than or equal to .95. The value of NNFI achieved for the proposed model is .864.
The RMR (Root Mean Square Residual) is an index that indicates good fits with small values-the closer to 0, the better. According to Kline (1998) , "in a wellfitting model this value will be small, say, .05 or less" (p. 82). This index represents the average of residual differences between the variances and covariances observed and those hypothesized. In this study, RMR had a value of .041.
The RMSEA (Root Mean Square Error of Approximation) "takes into account the error of approximation in the population." RMSEA values over .10 indicate poor fit (Byrne, 2001) . The value achieved for the proposed model is .119.
Across the set of indicators, the proposed model shows some evidence of having an acceptable fit to the data (in terms of the Adjusted GFI, CFI, IFI, NFI, NNFI/ TLI, and RMR), and it shows some evidence of unacceptable fit (in terms of the X 2 and RMSEA).
DISCUSSION
The J&O model of KM success received fair support from the results presented above. Although the data used were collected in an earlier study with different research aims, being concerned with the intersection of KMS use and individual learning (Liu, 2003) , and hence were not explicitly intended to serve for testing the J&O model, the fit of the proposed SEM model to the data can be characterized as adequate, if not particularly good.
To the extent that the J&O model is more credible as a whole in light of these findings, some implications of the research merit additional attention. First, the relationships involving Perceived Benefit, Use, and Net Benefits in the J&O model can be treated as more plausible. The regression coefficients corresponding to these relationships were significant and substantial. These findings support the theoretical relationships, flowing through the J&O model from the D&M model, that higher levels of Perceived Benefit associated with a KMS leads to higher levels of Use-users make use of the system when they perceive benefits from doing so.
Second, the covariance relationships involving System Quality, Knowledge/Information Quality, and Service Quality were confirmed as well. The coefficients calculated for these relationships in the model were all sizeable, but not too large. This finding supports the ideas from the J&O (and D&M) model that the three KMS (IS) quality factors are inter-related, but distinct, qualities.
Third, the relationships involving the effects of System Quality, Knowledge/ Information Quality, and Service Quality on Perceived Benefits and Use were not consistently confirmed. The calculated coefficients-six in all-showed a decidedly mixed pattern of significance: two of the calculated coefficients should not be viewed as significant, three should be taken as marginally significant, and one should be considered significant. The significant coefficient for the influence of Knowledge/ Information Quality on Perceived Benefit had a value of .698 (p=.02). This estimate confirms the notion that an increase in the amount of knowledge a KMS provides leads to an increase in the amount by which individuals view the KMS as providing benefit. As such, this is good news for the J&O model. The marginally significant estimates provide news of a more mixed nature. Two of these-from System Quality to Use (1.631, p=.12) and from Service Quality to Use (.400, p=.08)-provide the suggestion of support to the J&O model, but the other-from Knowledge/Information Quality to Use (-2.296, p=.09)-is in the opposite direction suggested by the J&O model. The non-significant estimates-from System Quality to Perceived Benefits (-.250, p=.382) and from Service Quality to Perceived Benefits (.050, p=.548)-are not supportive of the J&O model.
What to make of these estimates as a group is somewhat puzzling. While together they do not overwhelmingly support the J&O model, neither do they disconfirm it. Rather, one should conclude from these findings that there is now enough empirical support for the J&O model to justify addi-tional efforts to confirm and refine it. The following section contains suggestions for how such research might be done effectively.
To provide a convincing test of the J&O model, better data will be needed. For the data employed in this study to have been completely acceptable, several changes would have been needed. Most important of these changes would have been the inclusion of omitted scales. The data Liu (2003) A second change in the data that would have likely improved the fit to the proposed model would have involved additional refinement of the scales employed. Since the Liu data was not collected explicitly to represent the sub-dimensions of the J&O model, they do not provide as many items for each sub-dimension as would be desirable, nor do they obviously represent the constructs related to these sub-dimensions in any certain fashion. Future research would benefit from instrument development and validation efforts targeted explicitly to the testing of the J&O model's conceptualizations of dimensions and sub-dimensions of KMS success.
A third change in the data that would have improved the fit to the proposed model would have involved a different sampling strategy. The Liu (2003) sampling strategy, which amounted to "snowball sampling" (Atkinson & Flint, 2001) , did not assure that all respondents had interacted with similar KMSs. Neither did it employ random selection of participants from a well-defined sampling frame. If future research can identify a group of potential respondents who all employ information systems that are similar in their adherence to some definition of a KMS, then random selection of individuals from this group would probably improve the research's chances of reducing the level of extraneous variance. This should allow better estimates to be derived. Future research should strive to attain a random sample of users of a known type of KMS.
A fourth change in the data that would have improved fit would have been to recruit a larger sample size for the study. The sample Liu collected (N=354), although not small, was certainly no larger than what the analysis minimally required. If a future study could attract a much larger group of respondents, the chances of calculating better estimates would improve. It would also make it possible to retest the model in the form it was tested here and then test re-specifications of it that might be suggested by such retests. One of the virtues of a SEM approach to research is that, given sufficient sample size, researchers can identify opportunities for model improvement with one sub-sample and then attempt to confirm such improvements with another sub-sample. The current study had insufficient data to take on this task, but replications might have adequate numbers of respondents to do so. Future research should strive to attract enough respondents to allow the testing of multiple versions of the model. Despite the need for future research to be conducted somewhat differently in order to foster progress in confirming and modifying the J&O model of knowledge management success, the current research provides some support for the model, certainly enough to prompt continued investigation. Additional work to develop this model will result, it is to be hoped, in an improved version that will provide researchers and practitioners with a sound explanation of success in knowledge management.
